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GEOLOGY OF TIfE STAUNTON, CHURCHVILLE, 
GREENVILLE, AND STUARTS D m  QUADRANGLES, 

VIRGSNLA 
BY 

EUGENE K. RADER 

ABSTRACT 

The Staunton, Qlurchville, Greenville, and Stuarts Draft quad- 
rangles are: located in the central part of Augusta County, wezrt-cenml 
Virginia. Bedrock in the area ranges in age from Mddle Cambfian to 
Late Devonian, but camists principally of Cambrian aad Ordovician 
rocks, Most a£ the rocks ara; sedimentary and have a total thickness of 
approximately 20,000 feet, Igneew roth in the area {dikes, plugs, 
and sUs) are of four general compositions: diabase, nepheline syenite, 
teschenite-syenite, a d  teschenite-picrite. Generally the dikes we poorly 
exposed and are less than 50 feet thick. 

Structurally, thr eastern prt Of the area has folds and minor 
thrust faultg in the Masmutten synclinorium. Northwest of the syn- 
dinorium, the Pulaski-Staunton fault transects the area in a north- 
easterly direction. This thrust fault is folded canfomably vdth the 
Middlebrook anticline and a branch of the Lcng Glade syncline. Roughly 
parallel to, and northwest of, the PuIaski-Staunton fault k another t h s t  
fault, the North Mountain f a d ,  which is on the southeast side of Little 
North Mountain. Little North Mountain consists of overturned steeply 
dipping Silurian and Devonian rocks, Northwest of Littie North Moun- 
tain is a portion of a broad syncline containieg Upper Devonian rocks. 

The mineral resaurces in the area consist of limestone, dolomite, 
shale, bauxite, and iron oxide. Limestone and dalomite used as crushed 
stone and agricultural stone are quarried from rocks of Cambrian and 
Ordovician ages, Shales of the Edinburg and BralIier formations and 
some residual clays have been tested for potential use in the manu- 
facture d brick and ceramic produd. Bauxite has bem produced 
from residuum west af GreenviUe. Iron oxide has been produced from 
the lower portion of the Beekmantom Formation. Adequate domestic 
water supplies can be obtained in most areas, and abundant water 
supplies may occur in the vicinity of South River. 

INTRODUCTION 

The Staunton (Phte 1 1, Churchville (Plate 2), Greenville (Plate 3 ) . 
and Stuarts Draft (Plate 4) quadrangles are located in central Augusta 



County and have a combined mm of 234,86 square mila. They 
bmnded by 79" and 79" 15". longitude and 3P a d  3 6  15'NN, lati- 
tude (Figure 1). The qu~dmgles lie bntirely within the Vaay and 
Ridge physclgraphie pmince. The region b~tween the Blm Ridge and 
t i e  No& Mountah is commonly referred ta as fhe Sherrandozrh 
Vdey ar the Great Valley of Virginia. Tapographkally the arm is 
characterized by gently al~ping hills, a few conicd-shapd Stas, and low 
narraw ridges. T ~ E  maximum and mfnimum c1e-spations and total reIief 
in each qu~drmgle are as fi3ll5qs: 

Q~t~rEri?tngk Maximmr Minimum Tcml 
Ekvatiun Elevation Relief 

In Feel in Feat h Feet 
Stmuton 1940 1260 740 
~ u x c E ~ , & B  3111 1360 1751 
Ciwehv ille 2 120 1500 620 
St'tuarts Draft 1951, 1260 691 

The earliest ' " d e t ~ W ~  geologic m;stp of the Staxatan arez vta the 
Staunton folio (Darton, 1 g94). The ''Geslagk Map af the ApftaIacbim 
Valley af Virginia with Exphmry TexP" (Butts, 19332 aad the 
"OgoIagy of the Appalachian Valley of V&&nia"((Batts, 1840-41) are 
m ~ f d  references. The ''Geologic lMap af Vir@&'' [Virginia DMsion 
of Minwal Re~ouwe.s, 1863) illu$bam the pn-eral r.e@~d &e.aIagy. 
Theses by Browning (1951), Cas& (14151), Fara 1/1857), PaEmn 
(1958), and F i t z ~ I d  (1966) were ut3iid. T%e field invmtigprtion 
was begun in July 1 9 4  and compbted in August 1966. 



Numbers preeded by "R" in pareethda (R-3051) e ~ r r q d  
ta m p l e  localities an Platm 14; &me pmxdmi by "FA' (F-693) 
correspand to fossil lodities on Flam 1-3. Thw s~mpIes, md fwils 
rue on file in the repository of the Virginia Divisim of MiiemI Re- 
s o w ~ ~  where they are available far esamhati:oa 

The writer wishes to thank Dr. Jmes L. Q~WE, Cmn&siioner 
d Mineral Resources and Tieate &oIQ&I, and athei M mer&ers d 
the Virginia Division of Mhmd k a m e s  £or their aid, bib hi the 
field and in digc:ussi~n. Th- are also due DB. W. B. Brent a ~ d  S. I. 
Kozak fax the time they spent with the writer in the field and for the 
numerous dimai~os  that konbdbuted to a better understanding of the 
str5ttigraphy ad struckme df the m a .  Discussions with Drs. W. 8. 
Johnson andl Charles Milton have provided the l s l s  for the degdp- 
tions and locations of the alkatic igneous racks. Special t h e  are due 
Mr. T. M. G~thight for the phatolsf~phic illosltrati~ns in this report. 

STRATIGRAPHY 
The rack strata ~ropping out in the ama are divided into 23 fatmob 

tims a d  17 mappable units on the bases of lithologic: character and 
fossils. The oldest rock exposed is the Rome Formatian of Cambrian 
age and the youngest is the Hampshire Formation of lkvonian age. The 
age, IitlioIogic character, and formtian thickness are listed in Tab10 1. 
The a- southeast of Little North Mountain is underlain by folded and 
faulted Cambrian and Ordovicfan dolmitm, limestones, Bhalw, a d  
svbdiate  sandstones, Little N~rth Mountain is underlain by steeply 
inclined Ordovician, Silurian, and Devonian sandstones, shda, and lime- 
don@. West d Little North Monntain the Devonian shales and sand- 
stmm are folded. 

Rome Formation 

The Rome Formation was named by Hayes (1891, p, 143) from 
exposw~s near Rame, Georgia. It is hete-roggeneous formation af red, 
green, and yellow sbale and medi~m- t@ bk-gray, fine-grained ddamitic; 
limestone (R-3051). Exposures arg,peserrt 0.5 mile east of Co~kr-an 
Spring and in a roadcut aIoa;g Sap Road 603, 11. miles nwthvest of 
ir junction with State Highway 252 (Plate 3). A deep wrcell hw pene- 
trated thr: &QIW beaeath the Qemm gravel sear Ssu&,givei just south 
sf the S h r a r t s - M  quadrangle. As the uppet ~@r~tact is not exposed, 
tb .thi~hess was not determined, but t 4 ~  peen present sontheast of 

I ; . A . Cockrati Spring is ~fimated to be grater tha lBdO feet. 
- 



Table I.--Gealogic formations in the Staunton, Cbtwchuill~ !,reen- 
viUe, and Stuarts Draft quadrangles. 

rnieacmus shale a d  

Devodan 

M i m  &al+ 
Needmore 
F o m h  

Orishny 
§andstone 

Licking Crsrek 
Limestone 

Healing Springs 
Saadatone 

W m -  
Limestarre 

D m  

t h i m W  sandst one; 
sparsely fossil'iferous. 

Millbra Shale-tlssile 
black shale, w1bfi 
right gray or pinkish, 
Needmere Farmation- 
alive-green shale and 
argillareous limestone, 

Coarse-grained, rusty- 
brawn sandstone with 
ca1~t;ous cement; 
fuss~Iikrom. 

Mediam- to dark-gray 
chefly and sandy 
lirn&ofle; fossiIiferm. 

Caar~e~grained, rusty- 
bmm friable sanLtonttont 

C w - ~ i n e d *  
cri~~%daT Um8tone, 

2200 f 

701) - 

0-25 

40-1211 

0-15 

0-10 - 





Stose (1906, p. 209) named tho Elbrwk £ram exposures & El- 
bmk, Franklin County, PemqIvania. The formation caaslsts of mo 
somewhat di~tinct litkologka. One is composled of thick-bedded, 
medium- ta dark-gray> medium- to be-grained dolomite and hwtone 
thozt wea-tber light gray and white 18-30fOj; porn d the limesatone can- 
dm algal biostromes that have been partly dabmitized (Figure 2). Tbe 

coosiats of Ebin-bedded, Wt- to medium-gray, fine- to medium- 
grained, atgillamus d0I~mite a d  limestone, &at weather to slabby or 
shaly plates. One orf the more dktiuetive features of the Elbraok is ttre 
p~nky yellow coating that mvers the weathered suffw of some of 
the dolomi&. In the upper half of the Elbrook there am thin, relatively 
pure, tannish limestmes. Abom 2 miles wmt of GreenviJle the farm- 
tian crop mt along Roaring R u  that is approximately p d l  fa a t e  
Road 662 between its juncthns: with State Roads 604 end 673 (Plate 
3), and in a quarry [Plate 3, No. 23) 0.5 mile southwat of the junction 
d State Roads 662 and 673. It also crops out ahng State H[l&wy 
254 from about 0.4 mile northwest of UFest View to its junction with 
State Road $76; algal mmsm are in the eastem portion of the ex- 
p o s ~ ~ ~  (Plate 2). The tap af the Elbroolr is pieked above the W a- 
e m n w  of yellawish-veathering shady dolomite and below the lawest 
5andstoa.e and &lomite sequence of the Conacwheague. Tbe only evi- 
Bents of fossils four1.d in the area are the dgaI mzwes and f& frag- 
mn'ts [triIob'des and braehiopods 1). The Elbook Formation is af 
Cambriaa age. 



5*;.!., kt. 

Figure 2, GI@ st-= in the upper past of the Elbrook Famadon 
along State R~ghway 254, 10Q yards east of brid&g amas Middle River 
(Plate 2). 

The Conococheagule was named by Stme (1908, p, 701) Erom 
CSonaco~Beague- Creek, Fmlrlin County, Pennsylvania, The formation 
approximately parallels State Highway 340 trending west-sauthweat from 
Shtarts DF& to Gremville, Another series of outcrops tread W h -  
eastward fram Greeaville to the northeast comer of the Staunton quad- 
rangle. Other exposuses occur in the savthwest partion of the Green- 
viUe quadr;in@e a d  trend narthward thou@ ChumhviUe. 

The Conacocheagtte is composed sf @in-bedded, medium-grq to 
bluish-&ray limestone and dd10dtic limestone and thick-bedded, tight- 
to medium-gray dolomite with minor afiaunts of maw-grained ddomite, 
dolomitic sandstone, and sandy d ~ 1 o d e  (8-3073, R-3079, R-3080). 
Llenticdat beds d inwafomstionaJ. c ~ s g m e r a t e  are corn= in the 
formation. Minor amounts of MsCk @tic c-lrert and black d e w  & ~ r t  
are present rhr~ughout the formatfo~. The thicker sandsf~n,@ (3 to 30 
feet) are in Eparer 700 to 8UB feet of the formation where $1 is up 
tn 2500 feet Wkk. 8 

Dolomite and dalornitic saddstone are wgdl exposed along & 8 t ~  
Road 612 for a distance of 0.6 mile east of Quicks Mill CFMe 1 ) ; 



abaut 1.5 miles north-northeast of West View limestone and dolomitic 
limestone are present along State Road 720 for a dishace of 0.4 mite 
west &om the Wdp aver Middle River (Plate 21. The topography of 
the Gonocacheape is characterized by linear ridm of sm&~ne, the 
longest of which is 4 dm. Generally the ridgeis with p a t a t  relief are 
near rhe bsse of the Eonsation. This gsrt d the formsticm ha8 been be- 
scribed as the Big Spring Station member in Pennsylvania and Fred- 
erick County, Virginia (Wilson, 1952). In the S%aunton area are large, 
almost completely dolomitized and prtidly &eB4 algal masses 
(Figure 3). The Conocsheage Fannatkn is Cambrian in age, 

Pigwe 3.. Algal abmtures m the bwer part d tbie- Conwwlwpe Fa- 
mation eagt af Back Cmk at th end d &ate Road 712 (Phk 3) .  

The Chepnlfqxe lim%me IW namd by UIrich ( 191 1, p. 6%) 
The Chqultepee af thb mprt h quiu&nt to the Stanehwe of 

' . Feaa~y1vaai-a (&.us1 19Q8) anct Marybd fSmdull 1958) and in gmt 
wn&t~s with the ~epulkpee d s~fbwi~stern Virginia and tmtem 
' l%me.  The Chepultepet? 3 ddominmfffy s fine-grained, blm-bh& 
1bstme wit& d o l e 6  af blsk chert along Wd'i plan& and 
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of - &nady black ch& that have a tmdm distribution (R-3046, R- 
3978). T b  beds d mdh&m- to kk-gray, fin&@lh~d, chert-&= 
dolomite are present in the upper and lower portions of the formation. 
The Cbepulbp" can be divided into th* members: [ 1 )  a lower 
limestone ( B t ~ u k W w n  member d Saedo, 19581, (2) a maid& algal 
Limest~m, and (3) an uppor dty limestone, The lower limtstone mem- 
ber is a dark-gay, fme-grained Iimestune with sfliceow hina-e. The 
mid& member of the QIepultepec is a limestone composed of algal 
co10nim wirh calam15ti.c channel fib@ k t w e n  thR' co.fo&, In 
some places the m b e r  appears Ba be biohmal and .ia other phcm 
bimtromal. The upper member is a thin-bedded silty 1ime.stom wi& a 
few thin dolomite layers. Ap~roxhaMg %+2 -rniI~~-n<KtQ & EZe&ron 
neatly mmp1ete sections are expcmd .in the fields adjacent to Ei&n 
Qeek about 0.4 mile north of where it is massed by State.Hi&&y 254 
[Plate 23, 0.5 mile east of H h o n  northward frfrom a *qmq [Rate 2; 
No. 19) on the. south side of State h a d  703, and 0.4 mile west of the - 
ci€y knits of SfgCmt~n on the north side of St@ Road 720 (Flm 1). 
Clhm~l-flll strnctures ate in the upper silty limestone 0.8 mile no&-' 
west d Verona jwt north of State Road 612 (PIate I ) . 

The Chqultepc generally occurs beneath the valleys between 
ddges consisting of Conococheague m d s t ~ n ~  and conical hilh of 
Bee3rmantam chert. The lower contact is placed about halpway up 
these ridges and fhe upper contzct Wow the h t  thick-bedded dolo- 
mite. The contact witb the overlying Beehtc twn  Formatien is grada- 
tiwd and is poorly exposed throughout the area. The formerti011 is 300 
to 400 feet thick. S d  curved cephdopod~ are relatively common .ip 
the middle memba; brachiopods occur throu&out the fmadon 
(Sarido, 1958; Woad, 1952). - It is d Ordovician age. 

The Bmkmmtown was named by Clarke and Schuchmt. (1899, 
p. 874-878) for a locality in New Yoirk. The farmation has g e v d  

lithologies: ( 1 ) Iight-gray, ilne.grain-ed, &lomite; (2) datk- to rnedinm- 
gray, fine-grained dalmite and limesto*; (3) dark-gray, 'marie- 
gained recry~tdhe dolomite; a ~ d  (4.) medium- to light-gay, very firm- 
gained bmtone, The chidy ~d~lomitit: B e e W w n  Earragtion is 
well exposed absut 2.25 miles south of Middlebroak aofi-g a 'Yield 
'b:avem'".3 .mi@ northew of and parallel to -f$Me Rwd 674, be- 
g b h g  at a sharp turn in the road 0.3 mile- narrheast of &e junction 
of &ate Roads 670 and 674 (Plate 3) ; in faur quarries on the eastern 



city Iimits of Staunton just north and nor!heast d U. S. Highway 250 
(Flate 1, Nos. 6-91; and along State Road 723 about 0.5 mile west of 
Fmko Mill for a distance of 2.2 miles. Chert 5 abundmt as large 
Ienticular mas= in the lawer portion of the formation and fonns large 
cooic-al hills. Weatbered sllrfaces of the dolomite and dolomitic Pme- 
stane are extremely fluted and in many exexpot~ures a cross-hatched pat- 
tern. is farmed. 

The lower contact; is plawd at the base of the; first thick dolomite 
that overlies the black limestone of the Chepultepec. The upper contact 
is unconformable with the overlying New Market and in Wee areols is 
unconfonnabIe with the overlying Lincolnshiie. The thickness rmga 
from 1800 to 2000 feet. Mwt of the fm&s found in the Stamon 
arm are gastropods. They ate partic3aly abundant on the hill south of 
OreenvHle (F-693) and 0.4 mile east of &B junction of State Roads 
670 and ($74 west of GmnviUe. The Beekmantown Formatbn is of 
Ordovichn age. 

New Marka Limestdne 

The New Market Limestone was named by ICaaper and Caopcr 
( 1945, p. 7 1-72 ) f rclm the Madden quarry near New Market, Virginia, 
The New Market 1~4 a thick-bedded dove-my, he-graine&lirnestone 
with a few 2- to 3-inch-thick dolomite beds near the base* Complete 
sections of the limetone occur northeast of Mint Spring about 500 feet 
northeast Of the junction d U. S. Highway I1 and State Road 654 
(Plate 4); in four q u a r k  w the eastern city W t s  of Staunton jmt 
north and nartbast of U. S. Highway 250 (Plate 1 ,  Nos. 6-9); at 
tbe Bowling quarry northwest of Verona along State Road 781, 0.2 

. mile from its interseetion with U. S. Highway 11 (Plate 1 ) ; northwmt 
d Staunton, jwt southeast of the junction rr f  U. S. Highway 250 and 
State Road 612 [Plate 1);  and about O,5 mile west of Franks MiU in 
a quarry just north of State Road 728 (Plate 1, No. 1 ) .  The locality 
northweat of Stauntan oa U, S, Highway 250 has about 2 feet of 
reddish rnu@one: at the base d the section, and the locality northeast 
d Mint Spring contains a basal conglomerate. The formatian generally 
~ G I W  on the steep side of hilIs where it is overlain by the cherty 
LmcaInshire. Southeast of Staunton at De Jamette State Sanatorium 

:,and .',. along State Road 612, tho New Market is tmormted at an un- 
~ # ~ $ m i t y .  The thickness ranges from 0 to 200 feet. Large gastropds 
&@&.W. tetracorals are present in the New Market at the abandoned .,#- 

-I@&* pnkq north of Verona 
-r- y e ,  

. , 



The 
(1943, p 
Tazewell 

Liamlnshire limestme vm named by C o o p  and Prouty 
. 863) from an abandoned quany near Lincolnshire Creek, 
County, Virginia. The LincoInshire is equivalent to the k n o b  

in mrthtfm Virginia (Butts, 1949). The Murat limestone (CSamptZeIl, 
19053 was named for Murat, Rwkbridge County, Virgink. It is emen- 
t idy  the unit that Butts (19.33, 1940) mapped and described as Hds- 
rsn north d Roanake. 

Th LkaLnchire is corapsed d dark-gray, medium-grah~d, cherty 
limestone. The chert is bhck and generally accurs along bedding planes, 
The formation is chamct~rized by the bl~cky chert and d e d  beds of 
Ximmtone. The M w t  is a light pinkish-gray, coarse-grained, biohemal 
or biostromal Iimsmne. The. lithobjgy of the formation is well ex- 
p e d  near Stjtsunto~, just southe~t d the junction of U. S. Highway 
2501 and State Road 612 (Phk 1) and in four quarries on the eastem 
city limits of Stamton just north aad nartheast of U. S. Highway 250 
(Plate 1, Nos. 6-9). The M a t  fime~tdae is well expokd 0.4 mile 
south d Bafterbraek in a rwcfcut along State Road 608 (Plata 4). The 
cherrty patian af tb Lbolmhire namEtlly underlies r i d e  of law 
relief. Alang U. S. Hi&ways 11 and Alternate 11 between Staunton 
and Yerma tha rides are wein developed. Where the Mmt liies'tionft 
is darninqph ths farmadm is expremed topogmphicaUy as a vaZIty, The 
thickms~ averages about 139 b t .  The unit contain8 abundant silicified 
ttilo;bite$, brwhiopods, o h & = ,  and bryctzoana. The most distiactivce 
fossil is Dimrfftis afavoik,  a brahiogod. 

EdiabWg Formation 
Ths Edinbmg wai named by Cooper and Cwper 1 1946, p. 78) 

fram exposures near Edinbug, Shewdoah County, Virginia. It is 
equivalent to the Whitesbur& Athem, and C!hmnb&sburg of Putts 
( 1940). Within the Edhbwg Fennation an &hated maimurn thick- 
ness of 25 feet of dark-gray to brawnish-my, medium- b coarse-pined, 
iran oxide st&ed limestone is representative of the Botetourt Mernbef. 
It occurs ot~ly in the Staunton ama as float; no exposures ware observed. 
The Librty Hall facies is composed of black fbu-gained argillacews 
limestone and shaIe and pink-weathering sbdes [R-1 633, R-1664, R- 
3061); it wcurs in the 'Massmutien and Long Glade synolin& In 
them areas the limestone bas been ~~bjected to much iatfaformational 
idding and faulting and may be recognhad in part by tlx~ abundance: of 
white calcite and elolornite fraetur~ filIings. The Lantz Milk facies s 
wsll develaped west of the North Mountain fault as a cobhly- r>r 



nodular-weathering, medium-gmboed* dark-gray to blacfr: limestone (R- 
3077). The ube- Hall fades occurs in Stauntan along U. S. Highway, 
13 &om 1 1 . t x t k m E  of its intenscda~~ xdth State Highway 254 to the city 
b i b  (Plate 1 )  and along €7, S, Nighway 250 in the Fey- area. The 
hl'& WS f 8 ~ k  C r C r p  OUl about 2 d m  due W W  Of  tiff& WE&- 

ward dong &te Rcad 7 13 &om its junction with State Raad 846 (Plate 
3). The thichim of the forination Is atbm&d to be about 1200 fe&. 

The bamI 5ha.b of the Liberty XiaU f&ps near Stamton contain 
abusdant gmptc!lite species which ase part of rhe: Nemogrqm grmiILs 
fauna of the H m H l  Shale in New Y ~ r k  The alga M w p m u  
p~rif~rlda~5 ( Q 3 ~ d  md Fkhwt 1960, p, 896-902) 1s k bath 
fades, althoqh it k mom a b ~ ~ t  in the Lanb Mills fades, The Edh- 
burg pr~bably cm&tes with the #mIre;fsburg d PernsylvaII-ia and 
the mriow hatone famations htmm the Mncohshtre and the 
Trenton of southwa&rn Vkginia. 

The Martinsburg was named by Gdger anand Keith f 1.881, pa 16 1 ) 
Erem atamps in the! vioinity of i M a r t i ~ ~ s b ~  Wtst Virginia. Thp Mm- 
b b m g  F-tioa differs lithotogicaliy in wtaopz; e m  af Statmtofl 
from those Eilong the east sfope of tittle North M&untain. East d 
Stamton the Martinsburg is c a t n p d  d bm- buff- €0 brown- 
weatheEing, $say to oliveI stiff shale and medium- to come-grained 
gay midstone (R-3045). Tbe M v d u a l  mdsbne M rarely exceed 
2 feet in thickness, dtholrgh prrJbabIy SO tu of the fom~tba 
is mdstcine. On the east dope of Little N o d  Moun€ain and in the 
adjoining lowland, the %-mg is a yeIIowwtxitherin& gray, d- 
m u s  shale with sm-ne near the top [R-3674, R-3075). The 
sandstans is medium grain& light gray, and h a  ad& ffwkd fR- 
39763. This sandstone at B m o  Qap msernblw the OBPYBB;~ F m a -  
tion. Outcrops are present fmm PeJlton ta a lma€hn 0.7 mile east af 
Christians Cmek (Plates 1, 4) and 4% the Chwqmke and dhis 
W w a y  for a diefance d abwt 0.2 mile beghning at a location 0.4 
& &om the railway inteesectlan with State Road 7Q5 at Chsistiaa 

tha uppermost black shdy lime: 
ittle North Mountain rbe base: is 

limeatone d th ha& WIIIS f&es 
e in the wegt is placed at tfre base of 
the Tuxwura The thickness of t&e 



dPthorhynchuEa SF. was fou~d at BdWo Gap and northwest of 
Cmp Shenandoah. Along State h d  705 a d  near-the Jonesbaro 
Cemetety muth d Chrbtian, the tPilobito Cryptoiitfaw ssp., several specieg 
cd braehmpods, aad tbe ostmcde Pst:udotakvereEla a&eJjrutn arP. present 
IF-690). 

In the mat of study only the IChurehvil1-s quadrangle [Plate 2) con- 
tains rmb of SiIuriaa and Devonian ~ges. These am present in the 
northwest pastian in the vicinity of Little N~rth Mountain. 

Tuscarora Formation 
The T w m t a  Fomaticm was named by Darton and Tafl(1896, 

p. 2). The Tuscarora is o tough, white to light-gray, be- to medium- 
@&, ~ai~iktom a d  @te (R-3082) (Figure 4). A few beds of 
congI0nrerafe have begn observed, and thin $We be6  are common 
near tb base. The formation crops out along State Highway 42 and 
thp: ichw- and Ohio Railway in BuBata Gap (Plate 2) .  The 
Iowm contact is placed at the top af Ule uppamast gray afandstone of 
the l&trtbburg Formation, and the upper contact is placed at the 
lswemmt 'Sred Bed"' of the Caapan Formation. The Tuscaroa Farma: 
tian has a maximum thickness of 200 feat. It is of Silurian age. 



TiVG Campon Famatias w named by Dartoa T& (1&96, 
p. 2 )  fim C&apon Mountain, M q h d  Ths fawarim is p1:ment @t 
n&w& d tSte cre%t af LittIe North Mountah Camapo~r cornkits 
of red asd .@&xi dial* rad medinm-gained s@mkbna, tsd brbrtb 
b&q and Pmu&m &toam [R-3071, R-313172). Thin white to 
gay* ~ e - ~ ~ i n ~  s&m%tomsls am also pmt. Th@ fama60n stups oat 
almg State Highway 42 and the C&e9%p&e and OM@ Railway in 
B & B ~  rGtw (Phk 2). AnopIofkce -@he* and Lioc&Ey~p~%ne 
clintornb arre cammn ia sasne sedans (l3-692). 

The Gebr Sandstone was named by Statose and Sw- (1912, p. 
5 )  froom Kesfer Mountam, Pennsyivania. The Keefer (Figwe 5 )  is a 
gray to mty-brm, fine- to medium-grained sandstone (R-3083). 
The sandstone crops out dong State Highway 42 and the Chesapeake 
and Ohio Railwy in B&D Gap (Plate 2). The lawer contact is p k e d  
at me tap of the uppennost red or green shale or sandstone of the 
Cacapotl.. The uppm contact is aa the top of the uppermat sand- 
m a .  The thickness ranges from 49 to 80 feet. 

ma- 



The T ~ B O ~ C Y W ~ ~  was named by Ulrieh ( 191 1, p. 128) f r ~ m  
Tonohway Ridge west d Hanco~k, Mqhnd.  It is a laminated. 
medmm- ta dark-gray, fine- to very fine-grained, ar~aceous limestone* 
The lower contact is at the top of the uppermost sandstone d the 
Keefer, and the upper contact is p h e d  at the base of the first cobbly 
bed d the Keyser. The formation mop out along the Chefape& and 
Ohio Railway in the western partion of Buffalo Gap (Plate 2). The 
Tolnoloway Formation is approximately 80 fwt thick. For the purpose 
of mapping, it .ha;$ been inciuded with the Upper Silurian-Lower 
Devonian sock, The small brachiopad Camarotmchiu cf. C. lirch- 
@idensis and the ostracsde hperdiiia cf. L, atta am relatively common 
h the Tonolaway. 

The Keyser Formation, Crreymans Limestone, Healing Springs 
Sandstme, Licking Creek Limestone, a d  Orkkmy Sandstane are 
mapped as one unit. These rocks are undivid~d either because many 
oecunenm are an, pooriy exposed or discontinuou~, or in some places 
they are absent- 

The Keyser Formation was named by Swartz (1913, p. 98-1162) 
from a quamy at Keper, West Virginia. It can k divided into three 
members: ( 1 ) a lower limes-, (2) the Clifton Forge sands;tone, and 
(3)  an upper limestone. Tbe Iewer unit is a cobbly-weathering, fine- 
gained, dark-gray, fossilifemus limestme. The CISfton For@ i$ a thick- 
bedded, gray to white, rusty-weathering, medium- to cme-grained 
&tc%ne. The upper unit is a medium- to dark-gray, fine- to came- 
p i n e d ,  £txsiiiferaus limestone. Ctinoidal limestme in the upper p r t  
resembles the Coeymans. l k  farmation crops oat along the Chesa- 
peake and Ohio Railway in the, westem portion of Buffalo Gap (Plate 
2). The total thickness ranes from 40 to 100 feet. Tfie lower lime- 
stone is Silurian age (Boweo, 1963) and contains the "C?t.onetes" je- 
sqensis zone (Swartz, 1929). The Clifton Forge sandssane is unfossiIi- 
fmus. The upper Iimestone cantains the Favosites hslderbergke zone 
(Smrtz, 1929) which is of B v ~ n i a n  age. 



The c w W #  &%tom Wd8 w ~ n ~ d  by chb and &Efi~:he& 
(1899, p* 874-2377) Erom the town of C?o@mms, Hew York. The 
08epan5. is a medbmt- fcx llhr&t+py aPld pi&&, ~08~tse-grakfd, d- 
naidd Iinm~m [R-3869). The bw@ne mop9 wt along the 4 % ~ -  
peake and Ohio M3vay in &hre we$&n, p~rt ia  of B W a  gap (Plate 
2) .  The Im8r mntaet is taken at tb lowe~2osf thick crirlaidd lim- 

above the dark-@ay, fi-d rzppkn lb&ane Qf the &pr. 
lChe n p p  cetltar:t ja this srraa is at the base of the Healing Spriags 
tkndstone. Tbe thi~knes of the C o e y m  does mat exceed 20 bet. 
an~id c~lurd~als and SygiM~ ~ r o e ~ n s l s  ware fanad in t h  area. 
The W p a m  Lme~torm is Devonian in age. 

Healing Spr&s S ~ d s t ~ n e  

The Healing Sprhgs Sandstme was mmed by Smrtz (1929, p. 
41) hem an expasme in tfie 8 . o ~  through Little Mountain, 3 
e w e s t  of &ding Springs, Bath County, Virgkia. Tbe H~aling 
Spring is a &riabl~, Ii$ht-gmty, medim- to coarw-grained sandstone 
that weathers to a mty brom. The sandstone mpr;. oat dong 
C%aapake and Ohio R d w ~  in tgei western portion of Buffah Gap 
(Plate 2). The rnntwts d the Healing S p r i o ~  IFandstane a,re with the 
emma &oid& limeswt~e of the: Caeymans below grid XEre &mty LM- 
itlg C r d  Limmt~ne above+ The thfeknerss doe8 not exceed 5 b t .  
Fragments d '*Spirifer"-tee bszlcbl@pods mre the only fmds faund, 

Licking Creek Limo- 

The Li~king Creek Limestom was named by Warn (1938, p. 69- 
70) &rm exp~9mes almg Licking Cmek mar W B ~  Po%, Fe~nsyf- 

- -a. The formtion may be divided into two members: (1) a lower 
member that Lt mditnn- to dbtrk-gray, !,e-g&ned3 cherty limeatom ('R; 

i, - 1 '. 
3070j and (21 an upper member that k light- to medium-gay, mme- 

4~::f-: ' . grainad sandy limerrtone. Generally fmwerous chert flu* is tbr: c3dy 
f.:~.; - 
..<<:. . - indimtion of the presence sf the Eomatian. A nearly romplete section - - 
i'/ ,". 

1 , .  



is aposed l.$ milw wet  of h e  Fountain, 0.1 mile due west of the 
&st knob south d the gap where McKirttricks Branch transects Little 
North Mountain (Plate 2). A more accessible ltxation is in a second 
gap about 1.2 miles to the northeast wbich is outside the m a  studied. It 
h at the end d the fmt abandoned farm road ta &B west d U. S. 
Highway 250 and saath of its junction with State Road 736. The thick- 
ness probably does nor .exaxxi 75 feet. The chert in the lower member 
contains abundant bra&iopad fragments. It is correlated with the 
Becraft Lim~stone (Swartz, 1939; Butts, 1940). 

The Oriskany was ~ a m d  by Hall (1839, p. 308-309) fmm 
Briskany Falls, New York. It is a friabIe gap, medium- to coarse- 
gained, sandstone that is stained with iron oxide on weathered surfaces, 
The Orisbny is present in patches along the lower northwest slope of 
LZttle North Mountain. Thr: lower cantact is placed at the tap of rbe 
uppennost sandy limestone of the Licking Creek. The upper contact Is 
unmnfamabIe with the olive-green shale of the Needmare Famation. 
The ~ d s t o n e  is poorly exposed in the area. The .thi&s rarely ex- 
ceeds 25 feet and generally is la5  than 5 feet. Cm&pirifer arenosus was 
the only h s ~ i l  identified, 

The Needmore shale was proposed by Willard (1939, p. 1495 for 
the shale facim of 'the Onondaga Group of Pennsylvania. The Need- 
mare Formation aad the Millboro Shale were mapped as a unit because 
of paar exposmw. The Needmore is pwxily exposed in the Churchville 
quadrangle. However, from a study of isolated shale chips in the soil 
cover it may be described as a fhin-bedded, dark-gay to alive-pa 
shale with a thh black fbsile shale near the base md lenses of ar- 
gillaceom Itmestone in f i e  upper porti~n. The! lower contaEt is oncon- 
fo~mable and is well deked where qasepd as a shale overlying the 
Orifdcany Sandstone. The upper contact is nowhere exposed in &the area, 
bnt a small topographic lm and mall springs and seeps occupy a 
pit ion about. 100 feet above the bwe and below definite MEIlboro- 
type shale near the northwest base of Little North Mountdn. The thik- 
ness does not a m 4  100 feet, Fassils are datively ahwidant in the 
Needmore, especially ostracodes and bmchiopods. More thau 20 specks 
o!? astracodes and at least 12 species of brachiopods are present. 



The NilIboro Shale was Darnred by Burts (1940, p. 308) from a- 
pomes at MilIbero Spring, Bath Coanty, Virginia. The Millborn ia 
a black, fiasile shale that weathers to a Enzfi: color. The uppa contact is 
t ~ k m  the uppermost black $hale below the greenish+yay s u e  of the 
Brallier. T b  thickness i6 appraximately 600 feet. Thp. small brachiopd 
Orb&XdffJdt?~ mimta ww the onIy fiossiI identified. The MiUbbro h cor- 
related with the Marcem and Hamilton of narthern Virginiza. 

The BraUier Formatian was named by Butts (1919, p. 523-5371 
fmm Brallk, Penslsy1vmia. The Brdier i s  a subfissile, stiff, grm to 
gray, micaceous, sandy shale, commaxaly with unewn ar dimpled sur- 
faces (R-306%). Interbedhd with the shale are layers, up to d inches 
thick, of gmnish-gray, very fine-gained, blw* sandstone. Exposurea 
of the formtion occur along State Rmd 688 far about 0.7 mile north- 
westward from near its juncrion with State Highway 42 (Plate 2). The 
Bdlier lies in the belt of coniml-shaped hills west af L i e  North 
Mountain. The Iower mntaot is discussed under the Millboro Shale. The 
uppc:r contact is taken below the lowermost mm containing large 
bsaichiopods of the Chemnng type, and below! the lowemost thick 
mdstone if no £ass& are present. The approximate. thidcness Is about 
2200 f* 

The Chemung Farmation was named by Hall (1839, p. 322-326) 
from C h e m g  Narrows m w  Elmii, New York, The formatian 
is composed of greenish-%ray, medium-grained, arkosic sandstoae 
(R-3067) and olive-grmn to greenish-gray shale, In addition to the 
sandstone and shale several thin beds of oonglvmerate, up to 1 fmi 
thick, are common near the top (R-3066). Also red and chocolate- 
b m  shales ate common in the upper partion a€ the unit. The lower 
oantact is placed at the base of the lowermost 3-foot-thick sandstone 
sf the Chernung. The lower fossiltiferous sandstone and shale are 
exposed dong State Road 688, 0.7 mile northwest of its jnneti~n with 
Shte Highway 42 (Plak 2 ) .  A mare complete section may be seen on 
a "field traverse" along the north side of McKittticks flraneh beginning 
st a location about 1.2 miles northwest of Jnnsalem Church, The 



contact with the Hampshire is placed at the top of the upprmwt con- 
glomerate and the base of the lowest thick red-bed sequence. The 
thickness of tZle Ghemung is about 3000 feet, Iflmchiopod~ and pele- 
qpods am common in the C%emung IF-69 1 ) . 

Hampahire Formation 

The Harngsbire Formation was named by Darton (1 892, p. 13-18) 
from Hampshire County, West Vighia. The Hampshhe is ~ m p d  
of moderately thick-bedded, choookte-kowq medium-grained, arkwic 
and micacwus sandstone (R-3065) and Iumpy, red to green mudrock 
and &ale. Outcrops are pr-t along McKittricks Branch beginning 
at a location about 1.8 miles northwest a9 Jerusalem Church. The 
lower contact is discussed witb the Chernung. The overlying Pocono 
Formation does not occur in the Churcbvilte quadxmgIe; the portion 
of the Hampshite Formation that is present is estimated to be about 
700 feet thick. 

Numerous dikes and siU-like igneous bodits occur in the area. 
All but one of these bodies have art aIkalic composition. The aIkalic 
roclcs are composed of nepfieline syenite3 teschenik-syenite, and tes- 
chenite-picrite. The nepheke syenite is a porphyritic igneous rack 
c h a r a c ~ d  by dkalic feldspar and one or more feldspathoids [in this 
case nepheline). The dikes are generally dark green and weather ta 
a brownish gray. The phenocrysts are lath-shaped crystals of natrolite 
and square-shaped cryszals of amidcite. The nephehe syenite is exposed 
north of the junction of U. S. Highways 11 and AIternate 11 (R-3064) 
and at .tother localities on Plate 1 (R-3053, R-3058, R-3059). 

Teschenite-syenite is a coarse- to fine-grained igneous rock composed 
of labradprite, abundant pyroxene andJor homb1ende and/or biotite, 
and adcite. The rock is reddish brawn on wenthered exposures, and 
Iarge greenish-black phemrysts of hornblende are present, Teschenite- 
syenife (R-3057) is well exposed along State Road 742, 0.5 mile north 
of its junceon with State Road 613 (PIate 1 ) (Figure 6). 

Teschenite-picrite 5s a dark reddish-brown igneous rock composed 
almost entirely of pyroxeneI mphibole, and olivine with little or no 
feldspar or feldspathoid. A small sill-like body of teschenite-picrite 
occars on the hill east of State Road 742, 0.5 mile north of its junction 
with State Road 613 (Plate 1 ) .  



Albvium, gravel and traveaine cbpwits oE questionna%k Quater- 
aay age occur south of Warts Drat5 along th east &ant af Little 
N d  Momtaia, md in mast stream flmld phW. These depo%h, 
except tbe tmertine dong Folly MBs @I%&, zm uacans~Eidafsd sand 

.. * and gravel. Alluvial mated& along the stream m a t  fommon 
*wits. Ali of the major ~trtxum haye flood $aim cm& ef Sits- 
'fu warn-gained sand and pvel.  Clsy hyers have been rqmrted by 



E m  anrl Ebme~25 (1920, p. 17, 19, 1103 h r n  the a m  southmtst of 
!!harts Draft dong South River. 

Wensive gravel deposits wur south d StPillts D d  (Plate 4) and 
eml of Lit& NNortb Mmntain (Flab 2), S o d  of 5;tuwts Draft the 
gravels we derived frm the mtherinp; of the sand&tQnes in the CKI- 
how= Granp. The gravels in this area are hi&y weathered and crumble 
to s a d  when broken with a hammer. They ham a fhbkxms in excess of 
165 feet as estimated frm wells drill~d in the tarraw pave18 soutfi of 
Smarts Dsaft. I b t  of Little No& Mauntain the gcaels are mere 
resistant, be'ig Wved from the. Twcazm, Ctpeapon, Keefer, Bdier, 
aad Chernung famatian$. Them &posits t om large gravel ~ n d  smd 
fms to the east of gaps in the mountain. 

Travdine: w a s  along Folly Mills Creek a h g  S t m  Road 654,O.e 
d e  west of its junction with U. S. Highway 11 CPlak 43. The traverr- 
tine k porous, tannish impure calcium carbonate. Plarrt fragmeats and 
leaves are common in tha deposit. The thickness could not be detw 
mined, but s waterfall and exposures dung the creek bank indic~ie that 
the thicknms is &rem than 15 fmt (Figure 7). 

Figure 7, MIS on Fdy MiUs Creek, I00 yatds south of Folly Mills 
(Plate 4); water flows aver travertine mass, 



22 VIRGINIA Dmont OP MIWERAT, RRSOURCES 

STRUCTURE 

During late Paleozoic time or possibly cantinuing throughout most 
of the Paleozaic, the area was subjected to defanningfotces, Sedimentary 
rwks were inclined at moderate and steep angles to the almost hori- 
zontal position in which they had been deposited. These rack& are fdded 
in n series of northeastward-trendig anticlines arld syclirrirres #at me 
divided into the M;rssamZten synclinorium on the east (Plafes I, 41, the 
Middlebroak anticline from the southwest portion (Plate 3)  to the mrth- 
east portion [Plate 1 ) , and the Lung Glade syncline on the west (Plates 
2-31. There are tvvo majar mnes in which the strata are broken: fie 
Fuiaski-Staunton fault between the Massanutten syncliaorium and the 
Middlebraok anticline, and the North Mountain fa& west of the h a g  
Glade syndirre, The fdds and faults are described in order af their 
geographic o~currence from east to west. 

The major fold structure of the Shenandoah Valley is the Masswut- 
ten synclinorium. %is synclinal complex is bounded by the Blue Ridge 
(not h area mapped) on the east and the Pulaski-Stauntan fa& an the 
westst. Shales and sandstones af Martiusburg Formation are the 
youngat rocks in the t r u e  of the sy$linorim west ~f longitude 79". 
The axis trends about N. 4OVE., suld the axes of minor anticlinal and 
synclinal structures on the east flank are abbut N. 70"- and N. 50" E. 
They have been tightIy compressed, and faults with displacmen~ of less 
than 200 feet, slip cleavage, and folds w e  present 

The folds on the flanks of the synclinorim are best refleated in the 
outcrop pattern d the Cwocwheague and Lincolnshire limestones. 
In the vicinity of White Hill, no~th of Miat Spring r jn  U. S. Highway I I .  
and north of the junction of U. 5. Highways 259 and 11, the folds are 
well defined. Northeast af the junction of U. S, Highways 11 and 340 
the rocks are broken by the Fairfield fault. The sandstones of the Con- 
ococheague dearly reflect the minor folding neat Mint Spring and 
southwest of Staunton [Plates 1,3,4). 

. Just east of Folly Miils dong State Road 654, approximately 1QOO 
feet of breccia is exposed in the roadcut, The contact between rhe 
Conococheape and the overlying Chlepultepec Formation is masked for 
about I d e  by nearly the entire length of the northeastward-trendiog 
breccia. The dip of these formati;ofis ranges from 70" to 85". k much 



d m  pod af breccia, 300 by 800 feet, occurs within the Conocochea- 
. $ne Formatian and is lwated about 0.1 mile to the noah. At the west 

- end af the readcut, f l e d  fragments of carbonate rock are ~~~ by 
~ ~ e d  calcite; slickensided ?surhes itre prmeat, h u t  30 fwt 
Ea@ of &is material are £ragments of hestone and &lomite in a mat& 
of claystone. East of the daystme, and making np more than three- 
fourth of the out~rops in the roadcut, is a collapse breccia composed of 
angular fragments and blocks of.carbomk rock cemented by wgte dolo- 
mite (Figure 8). A passible- sequence of events badjng to the b e l a p  
meat of the collapse breccia is that of fault movemenC he on of 
adjacent cabonate rack, and devdolpmemt of a cavera, followd by 
loosening, dissolation, and coUapse of fragments md biacks from the, 
unsupported c a m  mf, and finally cemmbtion of the- fragments and 
blocks by dolomite. 

Figore 8. Collapse breccia compbsed of W t o m  and dolomite of the 
Conocoehea&e and Chepultepec farmatiom along Bate Road 654 
abovt 1OD yards east of Folly MiIls (Hate 4). 

The Pulaski-Staunton fault trends northeastward from anarea about 
2,5 milea west of Greenvitle (Plate 3) through Oak Grove Church 
(Plate4),Gypsy).IiblP~kinStanetan@late1)toQuicksMi31. N d  , - 
of Quicks Mill it makes a loop to the northwest and from there tnends 
southwest~ard to Hwkleb~srry Hill. It makes another loop to the 



northwest and &en trenh m&emtward, llze Elbrook Fom~tion b 
t#mst over the Beekmantawn in mogt pIaw dong the fad% 'Ebe Hew 
Market and LincoLasIh ro* are trwected by the fault h t  3 r n k  
west of i3reenville and 0.75 mlk south-$ouWt rsf HucWwy Hill. 
NafthWiW of Verm~ the f'&ult is fsIM wifh the Middlekagk antidbe 
snd a ~u~~ syncline of! the Long GM8- ~ynche.  Here tbe ElIxook 
is thmt over ranging from the B ~ ~ k m a ~ m  to Edibwg forma- 
tim. The Pulatski-SmWn halt has a southme;rly dip that is IB9S 
hrt 35*, e3tcpipi ob the west limb of ?he n o & n  partion of the Mdma 
brook andelhe (nab I}, h this mxi tb fault hPls a nmthw~taly dip 
that& upto 7P. 

Large masses of brwia and "cmh conglamerate'' are a~soci~ted 
with the Pnla9iStaunm fault, The cIlstribnti011 aP &we be& m$es 
is &@aed an P h t ~  1,3, aad 4- wel&qased lm- $re: along 
U. S. H$&waj 25Q amm fram the west end sf Gypy HiIl Bark (Fi&~rre 
9) in Staunton. (Phi@ 1 ), wuthmst af Arbor HiU &ng State Rod 697 
abomf, 0.3 mile & Qf it& j ~ t i o n  wi@ Stab Road 693 (Plare 31, and 
w e t  of C3rayrlIb Joag 8titte Road 674 &ant 1.1 mile8 muthwt d 
its junetian with Smte aOad 670 (PI- 3) .  



The largest area of earposed bmccia is west of GreexlviUe where &e 
o m o p  width is greats th& 4000 &st. In areas wherr: limestone and 
&lomite are present in batb the hanging walI and fmtwaIl, h e  breccia 
can be divided into three mw: a lower megra.brmia mmpn&ed af 
blocks of Elbrook, Beekmantoem, New Mmket, and L i n m W e  
rimestone and dalomite smmded by mush wn&1merab; a middle 
zone of a s h  conglomerate (Figare 10) cumposed af  fragment^ of 
Elbrook, Beekmmtm, New W e t  aad Lincolashire rocks (R-3052, 
R-3060, R-3062); and an upper megabreceia composed of fraeWecl 
blocks of EIbrook limestone and dalomite smomded by msh con- 
glomerate. 

Figure 10. Crush ronglomerate in the PuIaski-Sta'unton fault dong 
State Rmd 1687 about 0.3 mile east: of the juactiaa with State Road 693 
(Plate 3). 

Brecchs similar tu 'those, describsd above occur along the Pulask'~ 
and Max Meadows faults in Montgomery and Pubski counties (Cooper, 
19151, p. 86), T"here is eame evidence to suppaf the connection af tbe 
Maski and Staunton fault zones, (Bick, 1960; Edmundson, 1958). 

Northeastward from Middlebrook through Axbar Hill CPIate 3) a 
gently c-g aDticlinal trace &ends to a location near Thackers 
Hollow (Plate 3 )  in the northeast portion of the area studied. This 
anticUI stmctm is referred to pta thc Middle:bmk anticline and i$ so 
dcsignat~d fram the tm d the same m e .  The Elbrook Formation 
ia the aldest unit exposed in the antidine and the Dincohshire, the 
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ywagest. The &st &nlr: 3s bounded princEp.aIEy by the Wmki-Wlrnton 
hdt, and th wait i b k  58 adjacent to -the Long Glade spclim~. No&- 
west of Verona the Middlebrwk anticline b a gentk plunge to tbe 
northeast. Included in fhis anti- stmctuw: are r c d ~  of the over-, 
fhm~f black of the Pddd-S&ua,ton fa&; the rocks above and M o w  
tbe fault p h e  rn incorporated in the some b1d. 

The axial trace of the L Q q  Glade symdhe eaten& fmm rhr, wrth- 
central portion of the !%amton gvadrmgk (Phte 1) through a loca- 
tim about 0.5 d e  mat of Franks Mm, throngb Hebran (Plate 23 and 
SupX1mf [Plate 3) to a lacation about 1 mile nmtlme~t of Midrib 
b m k  The general trend of the sync& is approximately H. 55" E. Tbe 
~ n o c o c h w ~  F-on is the doldt udf expod  and the T3&.bw 
the young&. At Hebran t6t: sydcfine htp a noticeable narthm&erly 
plunge as indicated by the brwd outrcrop of the Beekmmttmn Forma- 
tion. In the rtrea bt&wn Middle River and State Road 740 and mrth 
of Hucfrl&@rry Htll tbe Lang Glab qmciixte B@es inta s no* 
eastward-wend'= st3~Wdiary syw1lne ifrat may terminate near the Mid- 
debrook antiche abut  1 mih north of Tltacicem Hollow. An intervening 
~tnxnure btmm the main and bran& symhes is an omtlrrnd and- 
dinq the oi&st rock eqmed is the B e e w o r n  F o e a n a n  Teclnni- 
ally, a postion of the upper p W  af the pplas&-S&nnt~n fault has been 
s ~ ~ d  and fcrLded with rockg farmiag tha m b s ' w  syncbe. The 
nldest rocks in the bult pSate am part af f6p: Bbrook Fom&on and the 
youngest, patt af the over1yingi Coaococheagw Formation. ,The west 
ltmb of @the Long Glade syacIine, just north of Franks Mill, h mt by 
h e  minor tramverse faults that have &d'kes rangkg from &out N, 
35" W. to N. 60" W. (Plate 1). The m & m m  o&t is ab~ut 0.2 milt. 
Silicified breocia murs along these f a u b  (R-3054 EO 'R.3056) (Pigme 
11). 

*, 

from EFockMdgu Ccmty to F m W k  

uf the It=hm%hviUe qwdrafi@e (PI- 2.) Tb 
XT~W 1060 f a  nMfh of McStjtr1cks Branch 
BufQb t3ap (Figure 121. 



Figure 12. Buffalo Gap (viewed from the east). The south side of the 
gap is 170 feet higher than the north side due to the steeper dip and a 
general thinning of the Tuscarora Formation to the north (Plate 2).  

The structure and stratigraphy of Little North Mountain have been 
the subject d numerous detailed reports, three of which contain dis- 
cussions of the mountain in the Churchville quadrangle (Darton, 1894; 
Butts, 1940; Fitzgerald, 1966). Structurally. Little North Mountain is in- 
terpreted as a faulted overturned anticline with steep southeasterly dips. 
which is bounded on the east by the North Mountain fault and on the 
west by a broad syncline (Butts and Edmundson, 1939, 1866; Brent, 



1960). North of BufIUo Gap the trace of the North Mountain fault is 
on ths east slope of the ridge and m mveraI places is neat the ridge crest. 
At Buffalo Gap the trace of the fault trends eastward far about 1.5 
miles and from there southward to a Iocati~n ahout 0.8 mile south of 
Goth Spring* The. 1eadidg ds of the upper pkb is made. up of 
Rome and Elbrook formations ithat ate thmt over rocks ranging from 
the Edinburg Formation to the W p o n  Fornation (Figare 13). The 
fault apparently merges with several smaller fadts northwest of La- 
in@-. 

Figuse 13, Defoxmed Eclinb~rg Formarion in the footwall of the North 
Mountain fault, 1.5 miles west of Lane F w W n  (Plate 2). 

LWe N~rtb Mom* has at least three minm wansvtma faults, In 
several placea north uE MaIo Gap a minor fa& parad to. the N& 
Mountain Eault fias caused the M e b u r g  Famatie to be thrust over 
the Tuscarora and part of the Cacapon, The d y  evidence of a fault 
west of the ridge west is at Buffda Gap where part of the Qyuga 
Grmp is absent; however, saCJl absnce may rqresent anEy partid 
d-itian of the group- Sauth of Buffdo Gap the overtamed lCeefer 
hhfolded into a tight overtarn& anticline and syncline (Figure 14). On 
4e: sduth%ast slope of Little North Mountain wwt of Camp Shenand~ah 
~ ~ ~ ~ ~ v e r t m n e d  Tnscmra Farmation is folded into an anticline (Plate 2, 

&c). 
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Figure 14. Cross-sectbn showieg structural configuration of the Keefer 
Sandstone, B,9 mil6 ~ouyhwest of Buf£do Gap (Plate 2). Spbols are: 
DS, Lower Devonian-Uppr Silurian, undivided; Ske, K&er Sand- 
stone; Sea, Campon F m a h n ;  Stu, Tuscarora Formation; and Omb, 
Martinsburg Fmmation. 

Records are available for 145 water wells located within the area 
studied and may be examined at the Virginia Divishn of Mineral 
Resources in Charlottesville. Examination of these records reveals the 
close relationship between ground-water conditions and the geologic 
environment in which they occur. The following are pertinent facts 
regarding these wells: most wells have been drilled to obtain only the 
small quantities of water needed for domestic or farm use; the majority 



of mds are Ims than 300 fea deep and are 5 and 6 hehs in diameter; 
reported yield8 do not ref la  aqaer ~apecibp became- toa few adequate 
pump tests have been condncte;d, although the principal a q d ~ r s  are 
repond to mmr in the first 300 feet below ground level, tau few deep 
w e b  haw baen drilled to evaluab the aquifer potential at gmtm 
depths; thick gravel md alluvia1 &posits dong South River may yield 
ihdushl quantities of water from re1atbdp shallow, large-digmettar 
wells; quantities of water for public and industrial uae arc: available 
fmm wells drilled at selected hydrageoIogic sites; and topogeapbic 
Iwtlon and rurFaca drainage are important hctors relating to produc- 
tivity of wells. 

Table 2.-Depth and aubrap reported yield of 145 veiIs relative to 
inirid formation &fled. 

0-1m 
100-200 
2@3[N) 
over 900 

(1-100 
1m-200 
200-300 
over 300 

0-1 00 
100-209 
200-900 

aver 300 

LOO-200 
'200-i3.00 
over 3 0 0  



Analyses of water samph collected from several wells in the area 
studied indicate that the c h d d  q d t y  af ground water is generally 
indicative of the rack formation &urn which it was obtained. Waters 
obtained from limestone aquifers have a range in tatal hardness values 
from about 140 ppm (parts per W o n )  to 355 ppm and pH values 
fram 7-0 to 7.7. In examsng the compilation of w d  data two facts 
are important in the we of Table 2: teveld water-bearing zones are 
encountered in many we&, and therefoze the total depth is not always 
indicative of the depth at which the water occurs; and the gronad-water 
potential of a formation is difficult to evaluate where only a few welts 
have been drilled, 

Although the presence of water may be partially dependent up011 
rock type, the amount of topographic relief and abundance of fractures 
are in many eases more important in determining its availability. The 
data in Table 2 are retabulated in Table 3 'to illustrate the relationship 
between the depth and yield of the I45 wdls. 

Table 3.-Relationship between depth and yidd of wells (connotidated 
from Table 2). 

Pielri 
Depth Range A v # r w  
(fee#) (gc~tIonsJrnLure) (g~Ihns!mbwta) 

0-100 1 -100 17 
106200 < 1-175 16 

200-300 1984 22 
300-4QO < 1- 30 7 
400-560 < 1-215 46 
ovw SO0 1-140 23 

The four g p a b d e s  &wwd in this report are ufiderlain, for 
the most part, by carbonate ra& a£ various types. Larm quantitits d 
limestone aad dolomite me present which m e t  the qxlafiieatians for 
mst~~y indn~trial WW. E~~.uE&oB (1945, 1958) &SGUS& the dis- 
tribution a£ the caaboaate rocks h A w t a  Cmty and included chemi- 
cal znalysss; tbra interested reader is referred to these reports for details. 



VIBG- DIVISXOM OP MINERAL R E S O V ~ E S  

The arbanate rocks in the arm may be divided into tba mjor 
groups based an chemical cnmpdtiw: I $ high-caLcium limestorre, 
(2) impure limestone, and (3)  Fmmtcm, magnesian lim-e, and 
dolomite, Three formations contrain high-calcium liextmkag (over 95 
percent c@am wrbonate) : the uppa part of the b h 8 n t u w n  Fmm+ 
thn, the New Market Limestone, and the Murat bieshme of the Lisr- 
colnshire FormcltSan, The thickness af the New Market avcrtxp 30 
feet, d t h d  in same area9 ft may be &eat, (znd north 05 White 
HiU the thickness map be as much as 20Tl Pmt. Nbr& of Wkrita Hi1 and 
math of Barterbrook (Plate 4 3 ,  the Murat limestone is abut 160 feet 
thick. Wesf Etf the Pola&-Stauntan fault the Linca1ashire contains more 
than 5 percent chartart The upper pad d the B&mantown cornaim 1QD 
to 300 f'eet af high-caIcium b e e e ;  however, dolomites or impure 
limestones me interhead with the high-cdcium Immbas in m ~ s t  
sectiom. The prbdpal deposits cd higheIcinm hmtone @cur in a 
nmm belt h t  parallels U. S. Highwey I 1 from Vetom to mar Geeell- 
ville and from then? trends northemtward toward Bamrbroole (Plates 
1.  4). High-calcium limestones may be wed aa flux clnd a&alturaf 
stone a d  In the manufacture d dye, ktikaa, glass, h e ,  pqet,  port- 
land cement, nriued feeds, and a variety of otfiw industrial and chmi- 
ad prodam, M wrtflll as for t h  more casnrnm mshd-stone urns, 

Impure bestone (more than 5 percent noncarbonate material) 
occurs in, excluding thase formations which have abundant dolomite, 
the Chqultepec, the Lincalnshi, iind the Edinburg fetrmatfons. The 
Cbepattepec is present in alI four quadran*. It onrliaw the Magsa- 
nuam and Long Glade synclines and the Middie'brcmk anticIine, The 
avc~8p t,h.icbas is 350 feet. The Lincolnshire and Edinbrurg have the 
same &trib&a as the high-cdcim limeaones. These lims&mm may 
be wfd in the manufacture of ceme* hydraulic lime. and exp10siviz~ 
and in the praductilsn of agricultufal timatone and crushed stone. 

Tbe three thickest carbodztt formations in the area are included in 
a third gaup codfpased of Mar(irne: (less than 10 pr0eIt.t rnlagnesiun~ 
wbornate), magaesian limestone (10 to 30 percart magnesium c ~ r -  
banate), md dolomite. ( calcim-mapesium cmboaate) . These forma- 
tfam are the Elbrwk, G X m m h a p q  and Beekman&wn. Their dis- 
tribution k shown m P h ~  1-4. These rmks may be used for the pro- 
duction & agridtmd sttone and emshed stone. 



Most d the ~!arbmater& q m d d i n  thema is uwd furhigh- 
way am&u&an (Plate 1, Mm. 5 6,7, !& Hate: 3, Ma 23). Twa q w -  
&m grind lime far @dW (Ph* I, b. 6, 9). The &cr 
@a iadicatd on ?he maps are dxmd@ but were used aa somm 
of ajgregate fat highway ~onshwtidn. 

- Raw materials suitable for the production of partlad cemedt may 
t e  available in the am. Portland cmmt is manufactured by combining 
a M y  ground mixture of rack mat&&, ccrmmonly limestone aurd 
shale M clay, and burning it in a kiln at about 2700" F. (Batton, '1965). 
The bulk composition of the mixture approximates the folkwing: cab 
ciw carhaate, 75 percent; magnegium czdmmtc:, 4 percent; &, 14 
percent; alumina, 5 percent; iron oxide, 1 peroeat; and iquritfes that 
may contain sulfur and alkalies, I percent. hhgnesinrn carbanate oc- 
~urs in same bestones, but is not a necessmy camponent. 

&me of t&e limestones and &dm in the f~lr-qwdmn@e area are: 
potential saw* of raw miterial. The upper part of the BeeLman- 
tam, Mew Market, rurd L'mcoInshire formatiom contain lhn~8t~ms~ and 
the. Edinburg, Mmtimbwg, and N i l l b  formatiom have shales that 
may be suitable for the pduccim of portland cement. 

A portitxi of an emIy report on the day and shale re~~lnrces of 
Virginia west of flre Blue Ridge contained detailed pttpsical data on 12 
s s w 5  (Rb and Somerst 19201. Eken of the s a p l a  were residual 
days derived from the &solution d t2amMm aad Ordovician carbo- 
nates. One sample was flood-plain clay. Seven of the sample9 ware from 
rhe Stuar'ts h f t  area and m y  be snitab1e far use in the manufacture af 
brick ar rile. The ather five were from Staunton, and, creept for one 
samp1e &at contains residual I h k n a n t m  chat, the clay may be use- 
ful in fhe mmufactnre of brick. A recent report (CMqer and othe~, 
1964) ~antains evaluation data on mateti-als £cam five localities in the 
ma. Tlne potential uses of thee of these raw materials are ampiled 
in Table 4. 



Table 4.-Potential uses of cby materials from Staunton, C"hury!hvillq 
and Gre~rtville quadrangles (data compiled from Calver and athers, 
19641, 

Repository Poteatid 
No. Locution Formutian Snrnpie Interval U a  

- 

R-16% North side ~f Sate Road B&M 
688 abont Ub6 miie 
no- of Ula intor- 
se6:tion with Stste High- 
way 42 at BuRalo GItip 
[Plate 2). 

R-1626 Abandoned clay pit, 2.6 Residual 
miles mth af Middle- day 
broals, on the west sicla 
of State Road m abaut 
0.2 mile south of the B- 
t e e e n  with 5taP~ 
Road 674 [Plate 3 ). 

R-1664 Roadcut, on the eastera -burg 
city hits of Staunton, 
on the rldrthWL%t d b  of 
U. 5, Righw~y 11 about 
0.7 mile northeast of of6 

intersection of U. 3, 
Highways 11 and 250 
[Plate 1 1. 

- - - 

Composite $ample Commqn 
across 75 feef of brick and 
shale rile 

Cbmpmlte sample Super-duty 
repsentirig dl reEraetc)rI@s 
days exposed anll colored 
in pii *nrmSc 

ware 

Comgmiie eam~le Cornman 
a m  105 ftset brick 
of shate and fight- 

might 
wIPa:gate 

Bamite was dmd west of State Road 570, 0.2 mile southwest 
of its junction with State Raad 574 CAIlen mine, Plate 3, HQ. 21) by 
Republic Mining and Manufacturing Cornpang and on the hill south- 
east of the same junction (Harris mine, Plate 3, No. 22) (Warren 
and others, 1965, p 10). Operation of the pi@ began in 1941 and 
continued intermittently thraugh 1946. Them is no evidence of an 
extensive dapwit. The pit west sf State Road 670 is now filled with 
water. 

Three sandstane formatiom are present in the area, the Tusc~ora~ 
Kefer, and Oristrax1y. Smd is also associated with the Blue Ridge 
terrace south of Stuarts Draft, Large quantides of gavel are preset5 
along the east front of North Mountain, 



The a*uscwota crops out dong Little, North Mountain, where, 
because d its resistance to eqmion, it is the ridge-maker. The Keefer 
crops out along the northwest slope of Little North Mountain. Sample6 
have been described and analyzed Erom thme formatiom at other 
localities in fhe State {Lowry, 1954). The Oriskany Sandstone is poorly 
exposed along the northwest base of Ziffle ~orth  Maunbin. Iron oxide 
stained sandstones and friable blocks were fouqd v r e  the Oriskmy 
is present. Generally the thickness is less than 25 fat. Analyses of the 
Oriskany are reported by Lowry (1954). 

South d Sttlarts Draft the terrace: deve10pp.d along tbe west front 
of the Blue Ridge confains large quantities of sand and gravel. This 
material is more than 165 feet thick in several places. Jufust s m t h  of the 
area, sand is being produced from the terrace. The gravel is friable to a 
considerable depth, and a small crusher would be sufficient to redace 
the materia1 to sand size. 

Severd old iron-ore pits are present along Little Noah Mountain 
a short distance north and south af Buffalo Gap (Plate 2). It is be- 
lieved that they were worked tight after the Civil War, possibly to 
supply ore f ~ r  a furnace in the CraigsviUe or Augusta Springs a m .  An 
iron-ore mine in the lower Beekmantown (Plate 3, No. 24) was op- 
erated near the end of the nineteenth century. The main shaft was 
about 25 feet deep and had several drifts. Ore rwks found near the 
oping appear to be of a weathered high-grade material, but no exten- 
sive surficial deposits were found. 
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